Studies on Seed Oils by Siddiqui, Hena
studies on Seed Oils 
DISSERTATION 
SUBMITTED IN PARTIAL FULFILLMENT OF THE REQUIREMENT 
FOR THE DEGREE OF 
iHaster of Jj^iioiiop^v 
m 
€htmislttp 
by 
HENA SIDDIQUI 
Under the Supervision of 
DR. ABDUL RAUF 
DEPARTMENT OF CHEMISTRY 
ALIGARH MUSLIM UNIVERSITY, ALIGARH 
2008 
'<^. ^s'irn Un 
? 0 JUL ' M I ^ 
DS3636 
TOMVPABENTS, 
BIZWAN AHMAD SIDDIQUI & BAMA BIZMfAN SIDDIQUI 
TO MY SIBLINGS, 
MOHAMMAD ADIL, KAMIL 
d SANA 
n AhA ID r iZ'y*;^^«^\ Department of Chemistry 
Dr. AbaUl KaUj ri^^^ili AUgarh Muslim University 
Reader X^ihiA/J Aligarh - 202002 
E-mail: abduIoafchem(S)gmail.com 
Tel. + 9 1 - 571-2720584 
Mob.+91- 9412545345 
Dated:.../.ia....Q3.-..oQ 
This is to certify that the work embodied in the 
dissertation entitled "Studies on Seed Oils" is the original 
work of Miss Hena Siddiqui done under my supervision. The 
dissertation is suitable for submission for the award of the 
degree of Master of Philosophy in Chemistry. 
Dr. Abdul Rauf 
Contend 
Pages 
Acknowledgement i 
Summary ii 
Introduction 1 
Chapter 1 Occurrence, Isolation and Characterization of 
Fatty Acids in Seed Oils 
1.1 Component Fatty Acids of Seed Oils 3 
1.2 Oxygenated Fatty Acids in Seed Oils 5 
1.3 Isolation and Characterization of Fatty Acids 12 
1.4 References 14 
Chapter 2 Analysis of Brassica campestris Seed Oil 
2.1 Introduction 24 
2.2 Results and Discussions 28 
2.3 Experimental 34 
2.4 References 38 
Chapter 3 Analysis of Zanthoxylum alatum Seed Oil 
3.1 Introduction 42 
3.2 Theoretical 43 
3.3 Zanthoxylum alatum Seed Oil: A Reinvestigation 48 
3.4 References 53 
^cfenotolebgementg 
Gmtkudc goes to my supcnisor Dr. Abdul Raul for his 
continuous support mid guidance throughout the research 
work. 
Tlianks are due to all the teachers ol Department of Chemistry 
for their assistance and teachings throughout my academic 
period. 
Tlianks to my friends Aisha, Mariyam and Habibah for being 
around whenever I needed them; to my colleagues Saloni 
Gang'al, Shweta Sharma and Mudasir Rashid Baiiday who 
extended cooperation in various ways. 
It is with pleasure that I thank my uncle Prof Mohammad 
Masood Khalid for his guidance. 
I pay heart lull gratitude to my parents, my brothers and sister 
for their unconditional love, encouragement and being constant 
source of inspiration. 
The instrumentation senices of A.M. U, Aligarh and CDRI, 
Lucknow are also acknowledged. Ijistly I thank IJGC for 
granting research fellowship. 
(Hena Siddiqui) 
ummarp 
Seed oil studies dealing with the economical importance, constitutional 
features and analytical aspects have been rapidly explored since 
decades ago. The dissertation work as a contributing part to it 
comprises of three chapters. 
Chapter 1 deals with the literature survey of seed oil containing fatty 
acids of usual and unusual types, its occurrence, isolation and 
characterization. 
Chapter 2 corresponds to the comparative compositional study of non-
germinated and germinated seed oil fatty acids of Brassica campestris. 
Germinated seeds showed decrease in total oil content (14.0%) as well 
as the triacylglycerols were hydrolyzed to mixed free fatty acids, 
diacylglycerols and monoacylglycerols. This was established mainly 
by the chromatographic (TLC, Column Chromatography and GLC) 
and spectral techniques (IR, UV and ' H N M R ) . 
Chapter 3 is a reinvestigation of Zanthoxylum alatum seed oil, 
dealing with its fatty acid compositional analysis. Moreover an amide, 
N-(2-methyl propyl)-8-oxo-2, 4-diene-tetradecamide was isolated from 
the seed cake and structure was established through IR, UV, ' H N M R 
and mass spectral studies. 
Introduction 
All plants contain oils or fats mainly in their seeds. In most 
plants storage lipids are in the form of triacylglycerols. Oilseeds 
are an important economical factor in world trade of agricultural 
products. The knowledge of seed's oil content is of key interest 
to the oil milling business because the monetary assessment in 
the trade of oilseeds is based on this value. The raw material 
price depends on its oil content. Of the total amount of fats and 
oils which is produced worldwide, by far the largest share was 
used in human foodstuffs. For oleochemistry, about 15 million 
tons are available. In recent years, the amount produced had 
continuously increased by approximately 3% per year. It is 
predicted that this trend will continue in the medium and long 
terms. 
Global screening programs for the search of new plant oils as 
renewable sources are going on. More recently the importance of 
oils/fats is continuously increasing in the bio-medical sciences 
and as a biodiesel. Biodiesel as an alternative fuel for diesel 
engines is becoming increasingly important due to diminishing 
petroleum reserves and the environmental consequences of 
exhaust gases from petroleum-fuelled engines. Biodiesel consists 
of the simple alkyl esters of fatty acids. As a future prospective 
fuel, biodiesel has to compete economically with petroleum 
diesel fuels. One way of reducing the biodiesel production costs 
is to use the less expensive feedstock containing fatty acids such 
as inedible oils, animal fats, waste food oil and byproducts of the 
refining vegetables oils. The availability and sustainability of 
sufficient supplies of less expensive feedstock will be a crucial 
determinant delivering a competitive biodiesel to the commercial 
filling stations. Fortunately, inedible vegetable oils, mostly 
produced by seed-bearing trees and shrubs can provide an 
alternative. 
Seed cake being the source of Ca, P, Zn, Fe, Co, Mn, Se and N 
etc., water soluble polysaccharides, secondary compounds such 
as tannins and proteins etc., are mainly used as animals feed and 
in biogas production. Seed cakes from some plants source 
contain useful digestible protein which can be converted into 
biofertilizer or some useful fodder. 
India is a tropical country rich in flora. Research on the 
fundamental and applied aspect of indigenous oils and fats is 
now being given paramount importance. The objective of the 
present work is to determine fatty acid composition in seed oils 
and to characterize unusual component in seed cake. 
Cfjaqpter I 
Occurrence, Isolation and 
Characterization of Fatty Acids in Seed 
Oils 
1.1 Component Fatty Acids of Seed Oils 
Oils are mainly triacylglycerols (TAGs). TAGs are complex 
molecules present in all oils and fats. The wide variety of fatty 
acids that may attach to the glycerol backbone generates the large 
diversity of TAGs which can be found. These fatty acids are 
combined in triplets to form TAGs that share very similar 
physiochemical properties, thus making their separation and 
analysis difficult. Although most frequently the fatty acid double 
bonds are found in the c/5-configuration, some natural processes 
and industrial procedures may transform these bonds into trans. 
Since the polar regions of glycerol and each fatty acid are 
involved in the ester linkage, the TAG molecule does not retain 
any free polar groups, and therefore is essentially apolar; i.e. 
TAGs are soluble in organic solvent and insoluble in water. The 
common fatty acids of TAGs contain even number of carbon 
atoms (4-24) in straight chain with a terminal carboxyl group; 
which may be fully saturated (SFA) or unsaturated (UFA). Over 
lOOO's of fatty acids have been discovered and the number is 
increasing rapidly . Of these most commonly occurring acids are: 
lauric (12:0), myristic (14:0), palmitic (16:0), palmitoleic (16:1), 
stearic (18:0), oleic (18:1), linoleic (18:2), linolenic (18:3) and 
erucic (22:1); oleic and linoleic had been the dominant fatty 
acids in general . Also these are reported to be abundant 
component of most of the plants of Fabaceae family. Some of the 
less commonly occurring is capric (10:0), myristoleic (14:1), 
margaric (17:0), elaidic (18:1, 9t), arachidic (20:0), eicosenoic 
(20:1), behenic (22:0) and lignoceric (24:0) acids. Smith'* 
classified these ubiquitous compounds as usual fatty acids. Fatty 
acid composition of minor seed oils have been carried out by 
many workers and reviewed^"^. In recent past fatty acid 
composition of large number of seed oils containing usual fatty 
acids are analyzed^''^. During the past decade an imposing 
number of new and novel fatty acids have been discovered 
possessing structural features quite unusual according to our 
earlier concept. These are naturally occurring unusual fatty acids 
widely distributed in plants'^''^. They include allenic, 
cyclopropane, cyclopropene, cyclopentane, furan, hydroxy), 
epoxy, keto groups and double bonds of both the cis- and trans-
configuration, separated by one or more than one methylene 
group. To exemplify some more of these {A3trans, AScis, A6cis, 
actylenic, crepenynic, etc.), immense literature is present'^"^'*. 
Some of them present in high concentration in certain seed oils 
are being exploited for the industrial utilization while some seed 
oils being their moderate sources promises to do so in future^^'^''. 
The seed oils containing unusual fatty acids are highly important 
to the production of oleochemicals which are used industrially as 
protective coatings, plastics, urethane derivatives, surfactants, 
dispersants, cosmetics, lubricants, variety of synthetic 
intermediates, pharmaceuticals, stabilizers in plastic formulations 
and in the preparations of other long-chain compounds. For the 
past few years there has been a competition between 
oleochemicals and petrochemicals in the industrial field. The 
ever-increasing cost of petrochemicals and the limited supply of 
fossil oils remained, has diverted the attention of chemist's to 
find new sources of oils containing unusual fatty acids. Moreover 
the advantages of using industrial oil crops over fossil fuel-
derived products include biorenewability, biodegradability and 
nontoxity^^. In terms of analytical procedures of frequent use, 
seed oils containing unusual functional groups often give 
unexpected responses. To exemplify the analytical results, data 
are presented^^'^^ relative to behavior of oils containing 
oxygenated fatty acids, cyclopropene rings, unusual types and 
positions of unsaturation, differing chain length, and sundry 
combinations of these unusual acids. 
1.2 Oxygenated Fatty Acids in Seed Oils 
In the course of chemical compositional studies on seed oils from 
various species of uncultivated plants, a number of oxygenated 
fatty acids''' were isolated and structurally characterized. Here 
few of them are described. 
1.2.1 HBr-Reacting Fatty Acids 
A number of seed oils react with hydrogen bromide according to 
the conditions as prescribed by the American Oil Chemists' 
Society (AOCS) to determine the oxirane oxygen. Barring 
epoxides, other fatty acids which absorb approximately 
stoichiometric amount of hydrogen bromide, are the a-hydroxy 
conjugated diene grouping and long-chain fatty acids containing 
a cyclopropene ring. When the occurrence of epoxy or 
cyclopropenoid fatty acids (CPFA) is suspected in the seed lipid, 
it should be examined as fully as possible by non-destructive 
techniques as these are quite labile compounds and are destroyed 
by heating or acid media either during extraction or 
esterification. Recently cold base-catalyzed esterification (30 
seconds in methanolic KOH solution) followed by gas 
chromatography was shown to give good values of repeatability 
and recovery with no artifacts formation for CPFA determination 
of Sterculia striata seed oil . 
1.2.1.1 Epoxy Acids 
Epoxy acids have been reported in the seed oils from more than 
60 species in 12 plant families. Vernolic acid (epoxyoleic) was 
the first acid of this class to be discovered^^ It is known to be a 
constituent of seed oils from a number of unrelated plant families 
such as Euphorbiaceae and Asteraceae ' ' , but was also 
recently reported in Geranium sanguineum (7.1%; Geraniaceae) 
along with petroselinic acid (48.4%) for the first time . Vernonia 
galamensis^^ and V. anthelmintica^^ are rich sources of vernolic 
acid (74% and 67% respectively).With respect to the position of 
epoxide function, there are five 9, 10-epoxy acids, three 12, 13-
epoxy acids and one 15, 16-epoxy acid. Some of the other 
reported'^ ^"'*^ sources of vernolic acid had been Mucuna pruiens. 
Hibiscus cannabinus, Cepharia syriaca, Syzygium cuminii, 
Turnera ulmifolia, Crepis conyzaefolia, Tabebuia argentia and 
Bernardia pulchella seed oils. 
These epoxy acids can be considered as oxidation products of 
known olefinic acids. The biosynthetic production of alchornic 
acid, a C20 homologue of vernolic acid is suggested'^'* to be 
either the results from epoxidation of CI8 acids and subsequent 
chain elongation or from a C20 acid directly. The structure 
relationship between the epoxy acid and the common unsaturated 
acids possess the question of a more general relationship between 
the two classes of compounds. Gunstone'*^ has proposed that the 
epoxy acid along with some unsaturated hydroxy acids, are 
intermediates in the conversion of the oleic acid to linoleic acid 
and hence to the two series of polyunsaturated acids with 
methylene interrupted and conjugated unsaturation. 
1.2.1.2 Cyclopropenoid Acid 
The first cyclopropenoid fatty acid (CPFA) isolated from the 
seed oil of Sterculia foetida was characterized as 9, 10-
methylene-octadec-9-enoic acid or sterculic acid. Later, a related 
fatty acid with one carbon less was characterized as 9, 10-
methylene-heptadec-9-enoic acid or malvalic acid. High content 
of CPFA'^ ^ have been reported in Sterculia foetida, S. tomentosa 
and S. tragacanta. Among the naturally occurring cyclic fatty 
acids, the CPFA have been found in seed oils of four plant 
families of the order Malvales'^^ (Sterculiaceae, Malvaceae, 
Bombaceae and Tiliaceae). Both the acids, viz. sterculic and 
malvalic often occur together and sometime may be accompanied 
by small amounts of their dihydro derivatives'^^ (dihydrosterculic 
and dihydromalvalic acid). Among the comprehensive additions 
to the literature of CPFA had been those of Madrigal and 
coworker . According to them Pavonia sepium seed oil is 
unusual in being the first of the family Malvaceae in which the 
content of sterculic acid was observed to be greater than that of 
malvalic acid. This trait has been found only in one example in 
the Sterculiaceae {Sterculia foetida) and one in the Bombaceae 
(Bombacopsis glabra). Ficus benghalensis^^, Cassia marginata 
and Cassia corymbosa^^ seed oils were also accounted for its 
CPFA content in addition to the well known vernolic acid. Seed 
oils of Durio zibethinus, Ceiba pentandra, Sterculia 
monosperma, Abutilon pannosum. Hibiscus panduriformis, 
Triumfetta pilosa, Pachira aquatica and Kydia calycina were 
found to contain varying proportions of CPFA^'"^^ 
The cyclopropenoid fatty acids manifest number of unusual 
properties including a high dipole moment (0.445 D) for a 
hydrocarbon, high reactivity towards the addition reactions 
driven by a 26 kcal/mole reduction in strain energy upon 
conversion to a complex with metals, and ring-opening reactions 
which sometimes involve vinylcarbenes as reactive organic 
intermediates. 
The seed oil containing CPFA have attracted much attention 
owing to their biological properties. In recent years it was 
developed that sterculic acid acts as an inhibitor of A -desaturase 
which converts stearic acid into oleic acid and is potentially 
noxious to man, since it can alter the cellular membranes 
permeability and inhibit the cellular reproduction^'*. However, 
much remains to be learned of the biosynthesis of cyclopropenoid 
fatty acids in plants, but it appears that the mechanism involves 
conversion of oleate to dihydrosterculate and thence to sterculate. 
The cyclopropane synthase in Sterculia foetida catalyses the 
addition of a methylene group from S-adenosylmethionine across 
the double bond. However, the primary substrate for the enzyme 
is oleic acid in position sn-1 of phosphatidylethanolamine rather 
than position sn-2. 
1.2.1.3 Conjugated Dienol Acids 
Many plants contain long-chain acids with a hydroxyl group a to 
a conjugated diene grouping in their seed triacylglycerols. It was 
shown that these acids were cis, trans- or trans, cis- in 
configuration. In general the cis, trans- dienols are all optically 
active and have the [D]-configuration. The two well known 
conjugated dienol acids are dimorphecolic (9-hydroxyoctadec-
trans-\Q, trans-\2-d\tno\c) and coriolic (13-hydroxyoctadec-cw-
9, ^ram-ll-dienoic) acids. Powell et al^ ^ reported the co-
occurrence of 9-hydroxyoctadec-rr(2«5-10, c/5'-12-dienoic and 13-
hydroxyoctadec-c/5-9, fran^-l 1-dienoic acids in the seed oil of 
Xeranthemum annum (Asteraceae). Dimorphecolic acid, along 
with estolides has been isolated from Dimorphotheca 
pluvialis^ '^  seed oil. Seed oil of Securidaca longipedunculata , 
(Polygalaceae) is reported to contain three conjugated 
hydroxydienoic acids, 13-hydroxyoctadec-(7/5'-9, trans-W-d'ieno'ic 
acid, 1 l-hydroxyhexadec-c/5-7, /ram-9-dienoic acid and 9-
hydroxytetradec-c/^-5, trans-l-d\Qno\c acid. 
1.2.2 Hydroxy Acids 
The hydroxyl group(s) in natural long-chain hydroxy acids may 
occur at various positions in the carbon chain that can be 
saturated or have non-conjugated unsaturation or conjugated 
unsaturation. Hydroxy olefmic fatty acids are known to occur in 
number of seed oils^^. a-Hydroxy acids or 2-hydroxy acids are 
found in plants usually with the chain varying from C12-C24. 2-
Hydroxylinolenic acid was reported at a level of 13% in the seed 
oil of Thymus vulgaris^^ (Labiateae). Salvia nilotica^^ seed oil 
contains 2-hydroxy linolenic acid (5.4%), 2-hydroxy linoleic acid 
(4.2%) and 2-hydroxy oleic acid (0.6%) along with oleic, linoleic 
and linolenic acid and its C17 homologue. 
(o-Hydroxy acids have their hydroxyl group near the methyl end of 
the carbon chain and can result in special glycerides with more than 
three acyl groups through acylation of one or more hydroxyl groups 
such as Kamala seed oil and Lesquerella auriculata seed oil' , 
contain glycerides with four ester linkages. They also participate in 
the structure of suberin, a polyester present in plant cell walls, and 
of cutin, as lipid polyester which is a component of the plant 
cuticle. The most frequent co-hydroxyacids^'* was found to be CI6, 
CI8:1, C22 and C24. In lipid polyester extracted from Arabidopsis 
and Brassica seeds, co-hydroxy acids with chain length varying 
from C16-C26 has been described^^. 
Ricinoleic (12-hydroxyoctadec-c/,s-9-enoic) acid, a well known 
fatty acid in castor oil {Ricinus communis; 90.0%) is the only one 
hydroxylated fatty acid used in oleochemical industry. This fatty 
acid affords a wide range of reaction enabling the formation of 
several derivatives. These chemicals are on a par with 
petrochemical products for use in several industrial applications. 
The production of conjugated linoleic acid (CLA) by dehydration 
and isomerization of ricinoleic acid has been described by 
Villeneuve et al^''. Ricinoleic acid has been reported in the seed 
oils of Crotalaria striata , Trichoderma zeylanicum , Sesbania 
aculeata^'^ and Ochrocarpus africans'^^. Also Guttiferae^^ plant 
family is known to have this fatty acid. A fatty acid isomeric 
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with ricinoleic acid, 9-liydroxyoctadec-c/5-12-enoic (isoricinoleic) 
acid has been shown to be of general occurrence (between 9-
15.0%) in the seed oils of the genus Strophantus (Apocynaceae) 
and other genera of the same family. Other non-conjugated 
dienoic fatty acids, which appear to be related biosynthetically to 
these monoenes include 12-hydroxyoctadec-cw-9, c/5-15-dienoic 
(densipolic) and 14-hydroxyeicosa-cw-l 1, c/^-lV-dienoic 
(auricolic) acids. 
1.2.3 Keto Acids 
Natural keto or oxo acids are less common than other oxygenated 
acids. Plant family Rosaceae is characterized by some unusual 
fatty acids, among them the conjugated trienoic, 4-keto-octadec-
cis-9, trans-ll, trans-\3-tnenoic acid (a-licanic acid) have been 
79 
reported in high concentration in Licania rigida seed oil . 
Conjugated trienoic and tetraenoic acids and their oxo-
derivatives were reported in the seed oils of Chrysobalanus 
Icaco and Parmarium laurinum. Three long-chain keto fatty 
acids, 15-OXO-C/5-18-tetracosenoic, 17-oxo-c/5'-20-hexacosenoic 
and 19-oxo-c/5-22-octacosenoic acid is found in the seed oil of 
Cuspidaria pterocarpa^^. A hitherto unknown 9-keto-octadec-cw-
13-enoic acid is reported in the seed oils of Smilax macrophylla^^ 
and Diospyros melanoxylon (also contains CPFAs and 
7A 77 
industrially utilized) . Argemone mexicana seed oil was shown 
to contain three long-chain keto acids which might arise from the 
saturated CI8 and C20 acids in a chain-extension reaction. 3-
Keto-octadec-c/5-15-enoic acid from Mappia foetida , 7-keto-
octadec-cw-11-enoic acid from Amoora rohituka^^ and 9-keto-
11 
octadec-cw-l 1-enoic acid from Lagerstroemia speciosa seed 
oils are some more of them to be exemplified. 
1.3 Isolation and Characterization of Fatty Acids 
Advances in the methods for lipid analysis have been remarkable 
over the past years. Among the techniques of value in the analysis 
of oils are Thin Layer Chromatography (TLC) , Gas Liquid 
Chromatography (GLC) , High Pressure Liquid Chromatography 
(HPLC)^^ Size Exclusion Chromatography (SEC)^\ Silver-Ion 
Chromatography^^, Super Critical Fluid Chromatography (SFC)** ,^ 
Argentation Chromatography , Counter-current distribution, Urea 
I OQ 
and Thiourea adduct separation, Spectroscopic ( HNMR , 
'^CNMR^^, Infrared Spectroscopy^^, Near-Infrared Reflectance 
Spectroscopy*^' and Mass Spectroscopy^^), GCMS^\ LCMS "^* and 
Chemical methods. 
During the earlier 20'*^  century, there has been a great resurgence 
of interest in liquid chromatography for analytical purposes ' \ 
In past few years the use of preparative GLC has made it possible 
the isolation of pure fractions from a complex mixture. HPLC is 
the latest innovation in the chain of chromatographic techniques. 
Although GLC is the dominant technique for fatty acid analysis, 
the role of HPLC in applications such as handling of less usual 
samples, avoidance of degradation of heat-sensitive functional 
groups and for micro-preparative purposes is remarkable. 
Positional and conformational isomers are more easily separated 
by HPLC. For years Ag^-HPLC has proven to be a useful 
technique for the analytical separation of cis- and trans-
geometric and positional fatty acid methyl ester (FAME)^^ and 
12 
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triacylglycerol isomers . Fatty acids have been separated as phenyl 
esters, phenacyl esters, naphthylmethyl esters, 9-anthrylmethyl 
esters and as 2-naphthyl esters employing HPLC^^"'"'^ . Reviews 
dealing with these analytical aspects have published'^'*""^ from 
time to time. 
In addition to the above procedures, chemical methods'" generally 
involved are catalytic hydrogenation, hydroxylation, oxidative 
degradation, partial hydrogenation and partial oxidation, Diels-
Alder reaction and hydrogen bromide reaction. 
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Cfjaptet 2 
Analysis of Brassica campestris Seed Oil 
2.1 Introduction 
Under the names rapeseed and mustard several oilseeds 
belonging to the Cruciferae plant family are grown in India. 
These are Brassica juncea (L.) Czern. & Cross, Brassica 
carinata, Brassica nigra, Sarson {B. campestris (L.) var. sarson 
and B. campestris (L.) var. dichotoma watt), B. campestris (L.) 
var. toria and taramira. In trade, sarson, toria and taramira are 
known as rapeseed, and rai as mustard. Rapeseed occupies the 
third place among the oilseed crops after soybean and palm in 
production of vegetable oils. It ranks fifth in the production of 
oilseed proteins. It thrives well in a cool, moist climate. The 
other major rapeseed producing countries besides India are 
Canada, China, Pakistan, Australia, England, Poland, France and 
Sweden. Rapeseed is mainly used as a source of oil. The meal 
obtained after extraction of oil is used as animal feed. 
2.1.1 Distribution 
The scientific classification and botanical description of 
B. campestris is as follows: Kingdom-Plantae; phylum-
Magnoliophyta; class-Magnoliopsida; order-Capparales; family-
Brassicaceae (Cruciferae). Brassica campestris is very largely 
grown during the cold season in India. The oil (karwa tel) is 
yielded from its seeds. This oilseed crop is grown mainly in U.P., 
Punjab, Bihar and Assam. 
Brassicaceae family includes over 3000 species, grouped in over 
300 genres. They include either weeds or domesficated plants 
grown as vegetables, ornamental flowers or those used for 
oilseeds. The crop is grown both in subtropical and tropical 
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countries. The forms of rapeseed and mustard grown in Europe, 
Canada and the USSR are different from those grown in India. 
The area under rape and mustard in India is approximately 6.85 
million hectares mostly in Uttar Pradesh, which has over 50% of 
this area. B. campestris and B. napus are the two most important 
widely grown rapeseed species with summer types grown in 
North America and a mixture of summer and winter types grown 
in Europe. B. juncea and B. campestris are grown in India and 
Far East. Wild population of B. campestris has been reported 
from different regions of Europe and Asia. 
There are three basic species, B. nigra, B. oleracea and B. 
campestris. By hybridization three new species B. carinata, B. 
juncea and B. napus are obtained . The various species, 
subspecies and types of Brassica have seeds which are different 
in size, content of oil and other substances and color of seed coat. 
The structure of the different layers of the seed coat of Brassica 
oilseeds shows great variation among the various species. This 
character has been used to distinguish seeds from different 
species and varieties. Brassica species have very little endosperm 
whereas seed coat accounts for 10-20% of the seed by weight. 
The embryo consists of cotyledons, which contain about 50% oil 
and protein-rich granules similar to those in the aleuronic cells 
lying just under the seed coat. 
2.1.2 Composition and Utilization 
Previous works^"''^ on cruciferous plant seed oil regarding the 
compositional data has been reported from time to time. The 
crude oil which is initially extracteid-^om^ike seed is like other 
^ r • ^" -• Hi 
oil made up mainly (95 to 98%) of triacylglycerols. Other 
constituents, present in greater or lesser amounts, include 
phosphatides, fatty acids, sterols, hydrocarbons, alcohols, 
tocopherols, lipochromes, pigments, sulphur compounds and 
minerals. 
Rapeseed oil and oils from other members of the Cruciferae 
family are unusual in that they contain substantial amounts of 
long-chain fatty acids. Palmitic, stearic, oleic, linoleic, linolenic, 
eicosenoic and erucic acids are the seven major fatty acids of the 
family. But it is established that the fatty acid composition of 
Cruciferae oil is found to be genetically more variable than 
probably the composition of any other major vegetable oil \ 
Studies in the past few decades had also shown the presence of 
(n-9) and (n-7) isomers for 18:1, 20:1 and 22:1 fatty acids in the 
seed oils of few Brassica species^''^'^ and some other plants of 
the family as well . Prior to 1970, commercial rapeseed 
contained 20 to 40% erucic acid in B. campestris and 30 to 50% 
erucic acid in B. napus. The erucic acid rich oil was used in 
Europe as a lamp oil, in the production of soaps and paints, and 
for cooking and as a lubricant in Canada. Because of some 
indications that erucic acid had anti-nutritional properties'''•^', 
varieties of rapeseed have been developed in which the level of 
erucic acid is essentially zero. These new low erucic acid 
varieties are characterized by very high levels of oleic acid and 
somewhat higher levels of linoleic and linolenic acids than those 
of the older varieties. Erucic acid levels in the new varieties 
range from 0.2 to 2.0%. Rapeseed oil is also unusual in having 
substantial amounts of eicosenoic acid (20:1). The level of this 
acid also has been reduced by plant breeding to develop the low 
erucic acid varieties. The composition of minor fatty acids in 
high and low erucic acid rapeseed oils has been studied by 
Sebedio et al^^ There is still a need for some high erucic acid oil 
for industrial use ' . 
Increasing quantities of rape oil are being used in Europe for 
biodiesel^*' fuel in the form of ethyl esters. The triacylglycerol 
composition of rapeseed oil is characterized by the occurrence of 
C20-C24 fatty acids almost exclusively in the 1- and 3-
positions , CI8 fatty acids in the 2- position and a preference 
of linoleic and linolenic acids for the 2- position in zero erucic 
acid oils^^. 
The non-triacylglycerol portion of crude rapeseed oil makes up 2 
to 3% of the total oil and consists mainly of free fatty acids, 
monoacylglycerols and diacylglycerols, phosphatides, glycolipids 
and unsaponifiables. The phospholipids of rapeseed oil are 
essentially devoid of erucic acid and have palmitic, oleic and 
linoleic acids as major fatty acid. Sterols amount generally about 
0.5% of the oil (0.3% in Brassica campestris^) with p-sitosterol, 
campesterol and brassicasterol as major constituents (about 55%, 
25%), and 15%) respectively of the total sterols). Some species of 
Brassica also contains small amount of 6^-avenasterol and 8 -^
stigmasterol more often in esterified form than in free form. The 
tocopherol content of rapeseed oil amount about 800 ppm with a-
and y-tochopherol as major components. Seed also contains a 
fairly large amount of storage proteins. In Brassica campestris 
degradation of protein bodies in germinating seeds have been 
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reported^°. Free fatty acids (about 1% of the total oil) and 
partially esterified glycerol are related in composition to the 
TAG fraction. Protein feed ingredients of mustard cake/defatted 
meal are good source of Ca, P, Zn, Fe, Co, Mn and Se; and also 
important source of water soluble polysaccharides, its isolation 
and structural features have been studied'^'. Approximately 5% of 
the fat free seed meal of rapeseed is composed of 
glucosinolates^^ which are split upon enzymatic hydrolysis to 
anti-nutritional factors: isothiocyanates, oxazolidinethiones and 
nitriles. 
2.2 Results and Discussions 
Triacylglycerols (TAGs) of cruciferous seeds constitute a major 
source of edible fat . The present work on B. campestris seed oil 
was undertaken to obtain the information on the fatty acid 
composition of dry seeds/non-germinated seeds and that of 
germinated seeds and moreover the effect of water/moisture on 
fatty acid composition of germinated seeds. The petrol extracted 
oils from both the germinated and non-germinated seeds have 
been analyzed for their component acids mainly by 
chromatographic and spectroscopic techniques. The UV and IR 
spectral analysis of seed oils showed no conjugation, trans-
unsaturation or any unusual functional group. Various TLC 
techniques confirmed the absence of oxygenated acids and any 
unusual functional grouping. TLC of non-germinated seed oil 
showed single spot corresponding to TAG whereas the 
germinated seed showed four distinct spots. The one with highest 
Rf value amongst four is the most prominent and also 
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corresponds to TAGs followed by mixed free fatty acids (MFFA), 
diacylglycerols (DAGs) and monoacylglycerols (MAGs) 
respectively. 
The physical parameters of non-germinated and germinated 
Brassica campestris seed oils were determined according to the 
AOCS methods^"* and are given in Table-I. The parameters of the 
germinated seed showed changes in oil content (14.0%), 
refractive index (1.481), iodine value (114) and saponification 
value (171) with respect to that of non-germinated seeds. 
Table-I Brassica campestris Seed Oil 
Physical Parameters Non-germinated Germinated 
Oil content of seeds, % 41.37 14.0 
Non-saponifiable content, % 20.6 11.5 
Refractive index, nj° 1.487 1.481 
Iodine value 118 114 
Saponification value 177 171 
The fatty acid esters were identified by comparing the gas liquid 
chromatographs (GLCs) with those of the standard mixed fatty 
acid methyl esters and the area percentages of the component 
fatty acids for both non-germinated and germinated Brassica 
seeds are given in Table-II and III, respectively. The total 
saturated fatty acid content for both non-germinated and 
germinated seeds was found to be 10.1%, whereas the 
unsaturated fatty acid content was 89.9%) and 86.6%) respectively. 
Moreover, both of the seed oils were erucic acid rich (46.10% 
and 44.30%) respectively). 
7Q 
Table-II Fatty Acid Components of Non-germinated B. 
campestris Seed Oil 
Fatty Acid Component Area y© 
14:0(Myristic) 0.70 
16:0 (Palmitic) 3.90 
18:0 (Stearic) 1.20 
18:l(01eic) 14.20 
18:2(Linoleic) 13.10 
18:3 (Linolenic) 16.50 
20:0 (Arachidic) 3.90 
22:0 (Behenic) 0.40 
22:1 (Erucic) 46.10 
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Table-Ill Fatty Acid Components of Germinated B. 
campestris Seed Oil 
Fatty Acid Component Area % 
14:0(Myristic) 0.80 
16:0 (Palmitic) 3.60 
18:0 (Stearic) 1.00 
18:1 (Oleic) 13.80 
18:2(Linoleic) 12.80 
18:3 (Linolenic) 15.70 
20:0 (Arachidic) 4.40 
22:0 (Behenic) 0.30 
22:1 (Erucic) 44.30 
Unidentified 3.30 
Fractions of germinated seed oil were separated by column 
chromatography using petroleum ether and diethyl ether and their 
' H N M R spectra were studied. Structures of TAGs, DAGs and 
MAGs are shown in Figure 1. 
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I 
R2OCO—CHg 
AH C—OCOR3 
TAG 
AH—C—OCOR1 
I 
R2OCO—CHB 
CH20H 
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CHOH 
1 H C—OCOR2 
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H^  
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1 
CHOH 
1 
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Figure 1 
2-MAG 
First fraction corresponding to TAG, its 'PINMR values recorded in 
8 (ppm) are: 5.34 (IH, tt, R C O O C H B , /AB=4.2 HZ), 5.28 (2H, m, 
merged in parts with the signal at 5.34, -CH=CH-), 4.34 (2H, dd, 
HA2COCOR, /AA=^12 HZ, /AB=4.2 HZ), 4.14 (2H, dd, H A I C O C O R , 
yAA=12 Hz, JAB=4.2 HZ), 2.30 (2H, t, -CH2-COO- , 7=7.5 Hz), 2.02 
(4H, m, -C//2-CH=CH-C//2-), 1.62 (2H, m, -C//2-CH2-COO-), 
1.27 (br.s, -(CH2)n-) and 0.88 (3H, dist.t, -CH3). 
Second fraction corresponding to MFFA was firstly confirmed 
as fatty acids by comparing the TLC with standard oleic acid. 
Esterification of MFFA was done followed by spectral analysis. 
IR spectrum shows the presence of ester carbonyl group (1740 
cm''). The ' H N M R values recorded in 5 (ppm) are as follows: 
5.41 (2H, m, -CH=CH-), 3.61 (3H, s, -OCH3), 2.31 (2H, t, -
CH2-COO- , J=7.2 Hz), 2.01 (4H, m, -C//2-CH=CH-C//2-), 
1.68 (2H, m, -C//2-CH2-COO-), 1.28 (br.s, -(CH2)n-) and 0.88 
(3H, dist.t, -CH3). 
Third fraction corresponding to DAG (isomers 1, 2-DAG and 1,3-
DAG), its ' H N M R values in 8 (ppm) recorded as: 5.35 (IH, m, 
R C O O C H B ) , 5.29 (2H, m, -CH=CH-), 4.29 (2H, dd, HA2COCOR, 
JAA=12 HZ, JAB=4.2 HZ), 4.22 (IH, m, merged in parts with 
methylene signals, -C//OH), 4.12 (2H, dd, HA2COCOR, JAA=12.4 
Hz, JAB=4.2 HZ), 3.54 and 3.47 (2H, m, -C//2OH), 2.77 (-CHO// 
and -CH2O//, D2O exchangeable), 2.32 (2H, t, -CH2-COO- , J=7.2 
Hz), 2.01 (4H, m, -C//2-CH=CH-C//2-), 1-65 (2H, m, -CH2-CU2-
C 0 0 - ) , 1.26 (br.s, -(CHj),,-) and 0.88 (3H, dist.t, -CH3). 
' H N M R values in 8 (ppm) of the fourth fraction corresponding to 
MAG (isomers of 1-MAG and 2-MAG) are as follows: 5.35 (IH, tt, 
R C O O C H B , JAB=4.2 HZ), 5.27 (2H, m, -CH=CH-), 4.21 (2H, m, 
HA2COCOR), 4.12 (2H, m, HA2COCOR), 3.75 (IH, m, -C//OH), 
3.53 and 3.46 (2H, m, -C//2OH), 2.75-2.78 (-CHO// and -CH2O//, 
D2O exchangeable), 2.32 (2H, m, -CH2-COO-), 2.02 (4H, m, -
C//2-CH=CH-C//2-), 1.60 (2H, m, -C//2-CH2-COO-), 1.26 (br.s, -
(CH2)n-) and 0.88 (3H, dist.t, -CH3). 
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The lipid content tliat is mainly constituted by TAG in 
cruciferous seeds is decreased on germination (14.0%) and this is 
as well supported by the literature . To the best of our 
knowledge it seems that during germination water plays a vital 
role to activate the enzyme responsible for the hydrolysis of TAG 
to MFFA, DAG and MAG. 
2.3 Experimental 
(i) Source of Oil Seeds 
The seed samples for the screening analyses were purchased from 
commercial seed suppliers. 
(ii) Germination of Brassica campestris Seeds 
The germination of seeds was carried out during winters. About 
40 grams of seeds were soaked in water for 3 hrs; wrapped in a 
wet piece of cotton cloth and kept for germination to about 40 
hours. The germinated seeds were air dried for about 38 hrs. 
(iii) Extraction of Oil 
Cleaned and dried samples of both non-germinated (40g) and 
germinated (40g) seeds were separately, crushed, ground and 
extracted repeatedly, with light petroleum ether (40°-60°C) in a 
soxhlet apparatus. The extracted oils were dried over anhydrous 
sodium sulphate. The solvent was removed under vacuo. The 
analytical values of the oils and seeds were determined according 
to the AOCS methods^\ 
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(iv) Saponification 
The oil (Ig) was hydrolyzed by refluxing with a IN solution of 
KOH in 95% ethanol (20ml) for 1 hour. About 11^^ ethanol was 
evaporated and diluted with water (12ml) and the solution was 
extracted thoroughly with diethyl ether (3 x 10ml). Centrifugation 
required, if to break any emulsion that forms. Etherial extract 
washed several times with water, dried over anhydrous sodium 
sulphate and the non-saponifiable materials recovered on removal 
of the solvent in a rotary evaporator. The water washings were 
added to the aqueous layer which was acidified with 6N HCl and 
extracted with diethyl ether (3 x 10ml). The mixed free fatty 
acids (MFFA) were recovered after washing the extract with 
water, drying over anhydrous sodium sulphate and removing the 
solvent under vacuo. Similarly the extracted oil of germinated 
seeds was saponified. 
(v) Mixed Methyl Esters 
Esterification of both samples was carried out as follows: 
Samples (200mg each) were refluxed for 2 hours in about 20ml 
of absolute methanol containing 8-10 drops of concentrated 
sulphuric acid. Resulting mixtures in both cases (non-germinated 
and germinated) were diluted to the cloud point with water 
chilled in ice bath, and then extracted repeatedly with diethyl 
ether. Combined extracts were dried over anhydrous sodium 
sulphate and evaporated in vacuo. 
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(vi) Thin Layer Chromatography (TLC) 
Analytical TLC was performed on plates coated with 0.25mm or 
1.0mm thick layer of silica gel G with petroleum ether-diethyl 
ether (4:1, v/v) and few drops of glacial acetic acid as developing 
solvent. The plates were rendered visual through I2 vapors as 
detector. 
(vii) Column Chromatography (CC) 
The TAG, MFFA, DAG and MAG were fractionated from the total 
lipids of germinated B. campestris by column chromatography 
using silica gel (mesh 60-120). Activated silica gel (30g per Ig of 
the sample) was packed in dry petroleum ether (40°-60°C) and 
desired sample was added to it. All the four fractions were obtained 
respectively by eluting the column with petroleum ether: diethyl 
ether in the ratio of 97:3 (v/v), 90:10 (v/v), 75:25 (v/v) and 60:40 
(v/v). These fractions were further concentrated and the purity was 
checked by TLC. 
(viii) Gas Liquid Chromatography (GLC) 
The quantitative examination of methyl esters were carried out by 
using Perkin Elmer Autosystem XL equipped with a FID at about 
280°C using a stainless steel column (2m x 2mm, i.d.) packed with 
15% of OV-275 on chromosorb-W (80-100 mesh). Separations 
were carried out at a programmed temperature 140°-200°C (10°C 
min''). 
(ix) Infrared (IR) 
IR spectra were recorded on SPECTROLAB Interspec-2020 FT-IR 
spectrometer as liquid film or as 1% solution in carbon 
tetrachloride. 
(x) Ultraviolet (UV) 
UV spectra of oils were recorded on Cintra-5 UV-visible 
spectrometer in methanol. 
(xi) Nuclear Magnetic Resonance (NMR) 
' H N M R spectra were obtained on a Bruker DRX-300 
spectrophotometer in CDCI3. Chemical shifts are reported in ppm 
(8) relative to tetramethylsilane (TMS) as an internal standard. 
37 
2.4 References 
1. Snowdon, R.J., Chromosome Research, 2007, 15, 85 (and 
references cited therein). 
2. Appelqvist, L-A.D., / . Am. Oil Chem. Sac, 1971, 48, 851. 
3. Umarov, A.U.; Chernenko, T.V. and Markman, A. L., 
Chemistry of Natural Compounds, 1974, 8, 20. 
4. Appelqvist, L-A.D; Kornfeld, A.K. and Wennerholm, J.E., 
Phytochemistry, 1981, 20, 207. 
5. Veiasco, L. and Becker, H.C., Euphytica, 1998, 101, 221. 
6. Ahuja, K.L.; Batta, S.K.; Raheja, R.K.; Labana, K.S. and 
Gupta, M.L., Plant Foods for Human Nutrition, 1989, 39, 
155. 
7. Barthet, V.J., Phytochemistry, 2008, 69, 411. 
8. Zajac, M. and Niewiadomski, H., Acta Aliment Pol., 1975, 
1,63. 
9. Vioque J.; Pastor, J.E. and Vioque, E., J. Am. Oil Chem. 
Soc, 1993, 70, 1157. 
10. Gunstone, F.D. and Pollard, M.R., (2001). Vegetable Oils 
with Fatty Acid Composition Changed by Plant Breeding or 
by Genetic Modification, in Structured and Modified Lipids, 
ed. Gunstone, F.D. and Dekker, M., New York, pp.155. 
11. Beerman, C ; Green, A.; Mobius, M.; Schmitt, J.J. and 
Boehm, G., J. Am. Oil Chem. Soc, 2003, 80, 747. 
38 
12. Mandal, S.; Yadav, S.; Singh, R.; Begum, G.; Suneja, P. 
and Singh, M., Genetic Resources and Crop Evolution, 
2002,49, 551. 
13. Kaushik, N. and Agnihotri, A., Biochem. Soc. Trans., 2000, 
28, 581. 
14. Velasco, L.; Fernandez-Martinez, J.M. and Haro, A.D., J. 
Am. Oil Chem. Soc, 1997, 74, 1595. 
15. Sovero, M., (1993). Rapeseed a new oilseed crop for the 
United State, in New Crops, ed. Janick J. and Simon J.E., 
John Wiley and Sons, INC., New York, Chichester, Brisbane, 
Toronto, Singapore, pp.302. 
16. Appleqvist, L-A.D., Hereditas, 1969, 61, 9. 
17. Hu, X.; Daun, J.K. and Scarth, R., J. Am. Oil Chem. Soc, 
1994, 71,221. 
18. Daun, J.K.; Barthet, V.J. and Scarth, R., (2003). Erucic 
acid levels in Sinapis arvensis L. from different part of 
world, in Proceeding of the 11''' International Rapeseed 
Congress, Copenhagen, Denmark, July 6-10. 
19. Ghafoorunissa, Indian J. Med. Res., 1998, 108, 191. 
20. Somerville, C ; Browse, J.; Jaworski, J.G. and Ohlrogge, 
J.B., (2000). Lipids, in Biochemistry and molecular biology 
of plants, ed. Buchanan, B.B.; Gruissem, W. and Jones, 
R.L., American Society of Plant Biologists, pp.456. 
21. Boulter, G.S., (1983). The History and Marketing of 
Rapeseed Oil in Canada, in High and Low erucic acid in 
39 
Rapeseed Oils. Production, Usage, Chemistry and 
Toxicological Evaluation, ed. Kramer, J.K.G.; Sauer, F.D. 
and Pigden, W.J., Academic Press, Canada, Chapter 3. 
22. Sebedio, J.L. and Ackman, R.G., J. Am. Oil Chem. Soc, 
1979, 56, 15. 
23. Leonard, E.C., Lipid Technol, 1994, 6, 79. 
24. Luhs, W. and Friedt, W., (1993). Nonfood uses of 
vegetable oils and fatty acids, in Designer Oil Crops: 
breeding, processing and biotechnology, ed. Murphy, D.J., 
VCH, Cambridge, pp.73. 
25. van Dyne, D.L.; Blase, M.G. and Carlson, K.D., (1990). In 
Industrial feedstocks and products from high erucic acid oil: 
crambe and industrial rapeseed. University of Missouri, 
Columbia, M.O., pp.1. 
26. Konwer, D. and Baruah, K., (1984). Refining of the crude 
oil obtained from Mesua ferrea L. seeds, Chem. Ind. 
pp.413. 
27. Fehling, E. and Mukherjee, K.D., Phytochemistry, 1990, 
29, 1525. 
28. Kallio, H. and Currie, G., Lipids, 1993, 28, 207. 
29. Appelqvist, L-A.D., (1972). In Rapeseed Cultivation, 
Composition, Processing and Utilization, ed. Appelqvist, 
L.A. and Ohlson, R., Elsevier, Amsterdam, pp.123. 
30. Bhandari, N.N. and Chitralekha, P., Annals of Botany, 
1984, 53, 793. 
31. Ghosh, P.; Ghosal, P.; Thakur, S.; Lerouge, P.; Loutelier-
Bourhis, C ; Driouich, A. and Ray, B., Carbohydrate 
Polymers, 2004, 57, 7. 
32. Hougen, F.W. and Stefansson. B.R., Cereal Sci. Tech., 
1983, 5 ,261. 
33. Ohlson, R., (1972). In Rapeseed Cultivation, Composition, 
Processing and Utilization, ed. Appelqvist, L.A. and 
Ohlson, R., Elsevier, Amsterdam, pp.9. 
34. 'Official and Tentative Methods of American Oil Chemists' 
Society, AOCS', Champaign, Illinois, 3''' ed., 1973, pp.1. 
35. Carballeira, M.J.; Martin, L.; Nicolas, G. and Villalobos, 
^., Plant Science, 1987, 49, 181. 
41 
Cljapter 3 
Analysis oi Zanthoxylum alahim Seed Oil 
3.1 Introduction 
Zanthoxylum is a genus of about 250 species of deciduous, 
aromatic, prickly, dioecious or rarely monoecious evergreen trees 
and shrubs'. The genus name, Zanthoxylum, is said to be derived 
from the Greek words, zanthos and xylum, meaning "yellow wood". 
It has a world-wide distribution in the warm temperature and 
subtropical areas (middle latitudes of North America, South 
America, Africa, Asia and Australia). About 13 species are 
recorded from India^. Each fruit consist of 1-5 carpels, each 
dehiscing vertically in valves, spherical or sub spherical, glandular-
foveolate, and usually 1-2 seeded. Seeds are almost spherical, black 
and shiny. The scientific classification of the genus is: Kingdom-
Plantae, division-Magnoliophyta, class-Magnoliopsida, subclass-
Rosidae, order-Sapindales and family-Rutaceae. 
Several species of Zanthoxylum, have been used for centuries as 
spices in Asian cuisine . The fruit of some species are used to make 
the spice Sichuan pepper. Another spice called teppal (Z rhesta) is 
used in the states of Maharashtra, Karnataka and Goa, by a very 
small community called Konkanis. Teppal is a fruit which grows on 
trees full of thorns. Some species like Z. odorum is used as a 
decorative house plant; have glossy leaves and a bonsai look as 
well can withstand direct sunlight. Z acanthopodium and Z. 
armatum are employed on a limited scale for the production of 
wartara oil. The oils from Z acanthopodium, Z. armatum, and Z 
nitidum are potential sources of linalool, an important perfumery 
material. The medicinal values of number of species of 
Zanthoxylum are recorded"*" .^ Metabolites isolated from 
Zanthoxylum species so far include alkaloids, aliphatic and 
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aromatic amides, lignans, coumarins, sterols, carbohydrate residues 
etc. Some of the metabolites have shown cytotoxic, moUuscicidal, 
anticonvulsam, ami-sickling, anesthetic, antibacterial, anti-
hypertensive and anti-inflammatory properties. Alkaloids of the 
several species have shown anti-tumor, anti-hypertensive and anti-
microbial effects^"'°. Out of the five alkaloids isolated from 
Z. tsihanimposa, quinoline alkaloid y-fagarine was the most potent 
against Plasmodium falciparum FCM29 (in vitro)'V Barks of 
several Indian species are noted for their febrifugal, sudorific and 
diuretic properties. Safrol, one of the chief constituents of essential 
oil of Z. ovaliofolium possess carcinogenic properties . Prickly ash 
bark (Z. americanum) due to its stimulating effect on the lymphatic 
system, circulation and mucous membranes, this herb has a role in 
the holistic treatment of many specific conditions, a few of which 
have included arthritis, chilblains, cholera, diarrhea, fatigue, fever, 
flatulence, gonorrhea, lumbago, paralysis, Reynaud's disease, 
rheumatism, Sickle-cell anemia, sore throat, typhus and varicose 
veins. The dried gummy exudates from the stem of many trees or 
plants are used by pharmaceutical industries as binder, emulsifying 
agent or even as a diluents. Compositions of exudates vary very 
much in the contents of ash or carbohydrate moieties etc. and these 
usually influence the properties of these gums. The Zanthoxylum 
species also accumulate volatile oils in the leaves, fruit and 
inflorescences which possess strong antiseptic and disinfectant 
properties. 
3.2 Theoretical 
For years number of works has been done on the seeds and other 
parts oi Zanthoxylum species. Literature survey exemplifying few 
of them is as follows: 
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Constituents Plant Part 
1. Zanthoxylum alatum 
6-hydroxynonadec-(4Z)-enoic, 8-
hydroxypentadec-(4Z)-enoic, 7-hydroxy-7-
vinyl hexadec-(4Z)-enoic, Hexadec-(4Z)-
enoic, c/5-9-hexadecenoic acids and 
normal fatty acids, tamburetin and 
linalool. 
Seed'^ 
14 
c/5-lO-octadecenoic, c/5-9-hexadecenoic Seed 
acids and usual fatty acids. 
Linalool, limonene, (3-phellandrene and Seed 
Z-methylcinnamate. 
Fruit" 
2. Zanthoxylum rhesta 
l-methoxy-4-(l-propenyl) benzene, 4-
methoxybenzaldehyde, l-(4-hydroxyphenyl)-
1-butanone and a-ethyl-4-methoxy 
benzenemethanol. 
3. Zanthoxylum schinifolium 
Methylschinilenol, hydroxyepoxycoUinin, 8- Root bark 
methoxy-anisocoumarin H, 
hydroxyschininallylol, hydroxyepoxycoUinin, 
schinitrienin, schininallylone and isoschinilenol. 
Geranyl acetate, citronella, sabinene, beta- Pericarp 
myrcene, linalool, (—)-isopulegol, citronellyl 
acetate, 1, 4-dimethyl pyrazole, a-terpinene, 3-
methyl-6-( 1-methyl ethyl)-2-cyclohexene l-ol 
and /ra«5-geraniol. 
17 
Constituents Plant Part 
4. Zanthoxylum nitidum 
Terihanine, decarine, arnottianamide Root bark 
todda quinoline and 6-carboxymethyl 
dihydro chelerythrine. 
Scaparone, 5, 7, 8-trimethoxy coumarin, 5, 7- Root 
dimethoxy-8-(3-methyl-2-butenoxy)coumarin, 
5-geranoxy-7-methoxycoumarin, 
isopimpinellin and phellopterin. 
5. Zanthoxylum integrifoliolum 
Lanyuamide, tetrahydrobungeanool, y- Fruit 
sanshool, hydroxy y-sanshool, {2E, 4E, 
8Z, l l£)-2'-hydroxy-N-isobutyl-2, 4, 8, 
11-tetradeca tetraenamide, {2E, 4E, SZ, 
l lZ)-2'-hydroxy-N-isobutyl-2, 4, 8, 11-
tetradeca tetraenamide and hazaleamide. 
7 ,8-dehydro- l -methoxy utaecarpine, Rootbark^^ 
isodecarine, 8-demethyloxychelerythrine, 
norchelerythrine, oxychelerythrine, decarine, 
dihydrocherythrinylacetaldehyde, 6-
acetonyl-dihydrochelerythrine, 
rutaecarpine, 1-hydroxyrutaecarpine, y-
fagarine, skimmianine, (—)-matairesinol, 
(—)-isoarctigenin, (+)-epipinoresinol , d-
sesamin, lupeol, canthin-6-one and 
arnot t ianamide. 
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Constituents 
6. Zanthoxylum bungeanum 
Quarcetin 3', 4'-dimethyl ether-7-glucoside, 
tamarixetin 3, 7 bis-glucoside, hyperin, 
quercetin, quercitrin, foeniculin, isohamnetin-
7-glucoside, rutin, 3, 5, 6-trihydroxy-7, 4-
dimethoxy flavone, arbutin, sitosterol |3-
glucoside, L-sesamin and palmitic acid. 
Plant Part 
Pericarp 23 
{IE, 4£)-2'-hydroxy-N-isobutyl-2, 4-
tetradeca dienamide (Tetrahydrobungeanool), 
{IE, 4E, 8Z)-2'-hydroxy-N-isobutyl-2, 4, 
8-tetradeca trienamide (Dihydrobungeanooi) 
and (2E, 4E, 8Z, lOE, 12E)-\'-
isopropenyl-N-(2 '-bisobutenyl)-2, 4, 8, 
10, 12-tetradecapentaenamide 
(Dehydro-y-sanshool). 
Pericarp 24 
7. Zanthoxylum rhoifolium 
Menth-2-en-l-ol, beta-myrcene, linalool 
and (—)-alpha-terpineol. 
Fruit 25 
8. Zanthoxylum hyemale 
P-pinene and a-pinene. Fruit 26 
9. Zanthoxylum piperitum 
Aliphatic acid amides. 
Hyperoside (quercetin-3-O-galactoside), 
quercitrin (quercetin-3-O-rhamnoside). 
Pericarp 
Fruit^ ^ 
27 
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Constituents Plant Part 
10. Zanthoxylum rugosum 
Canthin-6-one, 6, 7-dimethoxycoumarin, Root 
6, 7, 8-trimethoxycoumarin, avicennin, 
hesperidin, 3 -(9H-beta-carbolin-1 -yl)-(Z)-2-
propenoic acid and 2-hydroxy-2-(4-hydroxy 
phenyl) ethyl (trimethyl) ammonium. 
11. Zanthoxylum dimorphophyllum 
30 6-(2', 3 '- dihydroxy-3'-methyl butyl)-?- Root 
acetoxy-2H-l- benzopyran-2-one, 6-(2', 
3'- dihydroxy-3'-methyl butyl)-7-(beta-
D-glucopyranosyIoxy)-2H-l-benzopyran-
2-one, hexacosanoic acid, aurepten and 6-
{6 '-0-(deoxy-alpha-L-mannopyranosyl)-beta-D-
benzopyran} -4-one. 
12. Zanthoxylum ailanthoides 
10P-methoxymuurolan-4-en-3-one and Root bark 
10a-methoxycadinan-4-en-3-one. 
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3.3 Zanthoxylum alatum Seed Oil; A Reinvestigation 
3.3.1 Distribution, Composition and Utilization 
Deciduous shrub or a small tree growing to 6m tall or more. It is 
found in the hot valleys of the Himalayas from Jammu to Bhutan 
at an altitude of 1000-2100 m, in Khasi hills at 600-1800 m, and 
in the Eastern Ghats in Orissa and Andhra Pradesh at 1200 m. 
The plant is known by tumbru, tejphal, tejbal and timbri as 
vernacular names and timur, be tomar and Nepali dhania as its 
trade names. Fruits are small sized and produced in clusters 
which make harvesting easy. Each fruit contains single, globose 
and shining black seed. 
A literature survey on the seed oil of Zanthoxylum alatum have 
revealed that it contains mostly the fatty acids ' " which are 
characterized as hexadecanoic acid, hexadec-cz5-9-enoic acid, 
octadec-cw-9-enoic acid, octadec-c/5-9, 12-dienoic acid and 
octadec-c/5-9,12,15-trienoic acid. 
The essential oil from fruits and fruit pericarp has been the 
subject of study by several investigators. Many workers'^'^^"" 
have reported linalool as the major constituent in the essential oil 
obtained by hydro distillation method. Linalool content varies in 
the range of 34.5 - 87.7%. 
The branches, fruits, thorns, bark and seeds are known for their 
medicinal uses. The powdered seeds are taken as an aromatic 
tonic, stomachic and for fever, dyspepsia, cholera etc'^ 
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3.3.2 Result and Discussion 
Petrol extracted oil from the seeds of Zanthoxylum alatum was 
examined for its oil content and fatty acid composition. On the 
other hand an amide was isolated from the seed cake fractions. 
Compositional analysis and structure of amide was established by 
chromatographic and spectroscopic techniques. 
Oil was extracted from the ground seeds of Zanthoxylum alatum 
with petroleum ether (b.p. 40°-60°C) and solvent was removed in 
vacuo at 40°C. The analytical values of seed oil were determined 
according to the procedure recommended by the AOCS 
methods and the data are summarized m Table-I. 
Table-I Zanthoxylum alatum Seed Oil 
Oil content of seeds, % 20 
Non-saponifiable content, % 13 
Refractive index, Pp 1.485 
Saponification value 199 
Iodine value 113 
Oil was subjected to column chromatography to isolate neutral 
lipids (TAGs) using 97:3 (v/v) ratio of petroleum ether-diethyl 
ether as eluting solvent. The UV and IR spectrum of the oil 
showed no conjugated unsaturation, ?ra«5-unsaturation or any 
unusual functional group(s) in the component acids of TAG. 
Analysis by TLC confirmed the absence of oxygenated acids and 
unusual component. 
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Saponification of TAGs followed by esterification and the 
quantitative examination of FAME was undertaken by GLC. The 
area % of the component fatty acids are given in Table-II. The 
usual component fatty acids found was same as reported earlier . 
Slight variation in fatty acid composition may be due to the 
storage of seeds. 
Table-II Fatty Acid Components of ZanthoxyIum alatum 
Seed Oil 
Fatty Acid Component Area % 
16:0 22.96 
16:1 15.85 
18:0 2.50 
18:1 21.95 
18:2 18.24 
18:3 18.50 
Seed cake was extracted with methanol. About 2/3'"'' methanol 
was evaporated and extracted with chloroform. TLC of the 
chloroform extract showed four spots. Four fractions were 
obtained by subjecting the crude mixture (1.2g) to column 
chromatography. Fraction I (0.22g), II (0.20g), III (0.18g) and IV 
(0.25g) were eluted with dichloromethane by gradually 
increasing the percentage of diethyl acetate. Fraction IV was 
obtained as a colorless oil. Presence of conjugated system was 
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indicated by band at 258 nm in the UV spectrum. Its IR spectrum 
showed bands at 3320 (NH), 1710 (-C=0), 1648 (C=C) and 1630 
cm"' (-CONH). ' H N M R spectrum further supported the structure 
by signaling at 5 (ppm): 7.52 (IH, dd, -CH=CHCO, 7=14.9 Hz, 
10.4 Hz), 7.22 (IH, dd, -CHjCH^C//-, J=\5 Hz, 10.4 Hz), 7.19 
(IH, dt, -CH2C//=CH-, J=15 Hz, 6.8 Hz), 6.74 (IH, d, -
CH=C//CO, J=14.8 Hz), 4.62 (IH, br.s, -NH, D2O 
exchangeable), 3.49 (2H, t, -NHC//2-, /=6.8 Hz), 2.42 (4H, m, -
C//2COC//2-), 2.0 (4H, m, -C//2CH=CH- and -COCH2C//2-), 
1.58 (IH, m, -C//(CH3)2), 1.26 (6H, br.s, -(CH2)3-), 0.96 (6H, d, 
-CH(C//3)2, J=6.S Hz) and 0.86 (3H, dist.t, -CH3, J=6.8 Hz). The 
mass spectrum of amide (Figure 1) gave molecular ion peak at 
m/z 293 (C18H31NO2) followed by other salient peaks at m/z 208 
(a, M-CgHn), 193 (c, M-C5H10NO), 180 (b, M-C7H13O), 166 (d, 
M-C8H,50), 127 (d', M-C,oH,6NO), 113 (b', M-CHigNO), 100 
(c', M-C,3H2,0), and Mc. Lafferty peak at m/z 223 (M-CjHio). 
Prominent mass fragments at m/z 208, 180 and 113 supported the 
position of keto group at C8. On the basis of these data 
compound was characterized as N-(2-methyl propyl)-8-oxo-2, 4-
diene-tetradecamide. 
o 
H3C CH2 CH2 CH2 CH2—CH2'~C 
b 
.d' 
CH2- -CH2-CH=CH—CH=CH--C NH—CHj—HC 
^ 
CH, 
CH, 
Figure 1 
3.3.3 Experimental 
(i) Source of Oil Seeds 
Four years old stored seed samples for screening analyses were 
taken from our lab. 
(ii) Extraction of Oil 
Cleaned and dried samples of seeds (15.6g) x 3 were crushed, 
ground and extracted by the same method as described in chapter 2. 
(iii) Extraction of Seed Cake Components 
Cake left after oil extraction was extracted with methanol for 6 
hours. About 2/3'^ '' of the methanol was evaporated, extract was 
diluted with water and the solution was extracted thoroughly with 
chloroform. 
(iv) Thin Layer Chromatography (TLC) 
The seed cake extract was analyzed with chloroform-ethyl 
acetate (4:1, v/v) as developing solvent. 
(v) Column Chromatography (CC) 
The crude extract (1.2g) from seed cake was fractionated by 
using dichloromethane and diethyl acetate as eluting solvent. 
(vi) Ultraviolet (UV) 
UV-spectrum of amide was recorded on Cintra-5 UV-visible 
spectrometer in ethanol. 
Saponification, esterification, GLC and IR was done under same 
experimental conditions as described in chapter 2. 
59 
3.4 References 
1. Mabberley, D.J., (1997). The Plant Book (2"'^  ed.), 
Cambridge University Press, Cambridge, pp.765. 
2. Anonymous, The Wealth of India, Raw Materials, vol. VII, 
CSIR, New Delhi (1970), pp.18. 
3. Pfander, H.J. and Frohne, D., Dtsch. Apoth. Ztg., 1987, 
127,2381. 
4. Roig, J.T., (1988). Plantas medicinales, aromaticas o 
venenosas de Cuba. Editorial Cientifico-Tecnica. 
5. Rao, L.J.M., Journal of Medicinal and Aromatic Plant 
Sciences, 2000, 22, 808. 
6. Shibata, C ; Sasaki, I.; Naito, H.; Ueno, T. and Matsuno, 
S., Surgery, 1999, 126,918. 
7. Odebiyi, O.O. and Sofowora, E.A., Planta Med., 1973, 36, 
204. 
8. Del Poeta, M.; Chen, S.F.; Von Hoff, D.; Dykstra, C.C; 
Wani, M.C.; Manikumar, G.; Heitman, J.; Wall, M.E. and 
Perfect, J.R., Antimicrob. Agents Chemother., 1999, 43, 
2862. 
9. Woo S.H.; Reynolds, M.C.; Sun, N.J.; Cassaday, J.M. and 
Snapka, R.M., Biochem. Pharmacol, 1997, 15, 467. 
10. Hsieh, T.J.; Liu, T.Z.; Chern, C.L.; Tsao, D.A.; Lu, F.J.; 
Syu, Y.H.; Hsieh, P.Y.; Hu, H.S.; Chang, T.T. and Chen, 
C.H., Food Chem. Toxicol, 2005, 43, 1117. 
'^'K 
11. Randrianarivelojosia, M.; Rasidimanana,V.T.; Rabarison, 
H.; Cheplogoi, P.K.; Ratsimbason, M.; Muiholland, D.A. 
and Mauclere, P., Malaria Journal, 2003, 2, 25. 
12. The Wealth of India-Raw Materials, IX, pp.237. 
13. Ahmad, A.; Misra, L.N. and Gupta, M.M., J. Nat. Prod., 
1993, 56, 456. 
14. Venkatachalam, S.R.; Hassrajani, S.A; Rane, S.S. and 
Mamdapur, V.R., Indian Journal of Chemistry, 1996, 35B, 
514. 
15. Jain, N.; Srivastava, S.K.; Aggarwal, K.K.; Ramesh, S.; 
Kumar, S., Flav. Fragr. J., 2001, 16, 408. 
16. Thai, T.H.; Hoi, T.M. and Hung, N.Q., Tap Chi Duoc Hoc, 
2004, 44, 12 (Chem. Abstr., 2005, 143, 31870J). 
17. Tsai, I.L.; Lin, W.Y.; Teng, CM.; Ishikawa, T.; Doong, 
S.L.; Huang, M.W.; Chen, Y. L. and Chen, L S., Planta 
Me£/.,2000, 66, 618. 
18. Paik, S.Y.; Koh, K.H.; Beak, S.M.; Paek S.H., and Kim, 
J.A., Biol. Pharm. Bull, 2005, 28, 802. 
19. Tsai, LL.; Ishikawa, T.; Seki, H., and Chen, I.S., Chin. 
Pharm. J., 2000, 52, 43 (Chem. Abstr., 2001, 134, 
128486r). 
20. Shen, J.; Zhang, X.; Tang, Z.; Peng, S. and Ding, L., 
Zhongcaoyao, 2004, 35, 619 (Chem. Abstr., 2006, 144, 
318097U). 
54 
21. Chen, I.S.; Chen, T.L.; Lin, W.Y.; Tsai, I.L., and Chen, 
Y.C., Phytochemistry, 1999, 52, 357. 
22. Chen, J.J.; Fang, H.Y.; Duh, C.Y. and Chen, I.S., Planta 
Med., 2QQ5, 71,470. 
23. Shi, Q. X.D. and Mizuno, M., Phytochemistry, 1995, 39, 723. 
24. Shi, Q. X.D.; Yamamoto, H. and Mizuno, M., Phytochemistry, 
1997,46, 1123. 
25. de Abreu Gonzaga, W.; Weber, A.D.; Giacomelli, S.R.; 
Simionatto, E.; Dalcol, I.I.; Dessoy, E.C.M. and Morel, 
A.F., Planta Med., 2003, 69, 773. 
26. Simionatto, E.; Porto, C ; Dalcol, I.I.; da Silva, U.F. and 
Morel, A.F., Planta Med., 2005, 71, 759. 
27. Hatano, T.; Inada, K.; Ogawa, T.O.; Ito, H. and Yoshida, 
T., Phytochemistry, 2004, 65, 2599. 
28. Yamazaki, E.; Inagaki, M.; Kurita, O. and Inoue, T., Food 
C/2em.,2007, 100, 171. 
29. Facundo, V.A.; De Morals, S.M.; Souza, R.T. and Braz -
Filho, R., Revista Latinoamericana de Quimica, 2002, 30, 61. 
30. Tao, Z.Y.; Chen, W.S.; Zheng, S.Q.; Zhang, W.D. and 
Qiao, C.Z., Acta Pharmaceutica Sinica, 2001, 36, 511. 
31. Cheng, M.J.; Lee, K.H.; Tsai, LL. and Chen, I.S., 
Bioorganic and Medicinal Chemistry, 2005, 13, 5915. 
32. Bhatly, M.K. and Craig, B.M.^Rwchem, 1966, 44, 311. 
Aaua A::ad / ^ 
hrbi-Z^S'4^^^ 
-° 
\ « A r ^ . . ^ bV 
^-^o^-:r^-r;-.tt> 
33. Spencer, G.F.; Kleiman, R.; Earle, F.R. and Wolff, I.A., 
Lipids, 1970, 5, 277. 
34. Gunstone, F.D.; Taylor, G.M.; Cornelius, J.A. and 
Hammond, T.W.; J. Sci. FoodAgric, 1968, 19, 706. 
35. Ramidi, R.; All, M.; Negueruela, A.V. and Perez-Alonso, 
M.J.,y. Essent.OilRes., 1998, 10, 127. 
36. Dubbey, P. and Purohit, R.M., Ind. Perfum., 1970, 14, 11. 
37. Weyerstahl, P.; Marschall, H.; Splittgerber, U.; Son, P.T.; 
Giang, P.M. and Kaul, V.K., Flav. Frag. J., 1999, 14, 225. 
38. 'Official and Tentative Methods of American Oil Chemists' 
Society', AOCS, Champaign, Illinois, S""" ed., 1973, pp.1. 
39. Rauf, A.; Ahmad, M.S.; Ahmad, F. and Osman, S.M., 
Fette, Seifen Anstrichm, 1986, 88, 177. 
56 
